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® Method and apparatus for electrothermal atomlzation of samples. 


© Sample liquid is vaporized by a thermospray 
vaporizer (24) with a heated capillary tube (36). The 
end of the capillary tube (36) is inserted into a 
graphite tube furnace (120), while the furnace and a 
vertical platform in this furnace is at an above- 
ambient deposition temperature. The vavor spray 
emerging from the capillary tube is directed towards 
^ the platform. Sample substances are deposited on 
^the platform, while vaporized solvent is drawn off by 
^ a vacuum. Larger quantities of sample without the 
solvent can be deposited in this way on a small 
lO platform. This permits using the platform technique 
^without the limitations as to the quantity of the sarn- 
ie pie normally inherent with this technique. 
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Method and Apparatus for Electrothermal Atomization of Samples 


Technical Field 

The invention relates to a method and an ap- 
paratus for electrothermal atomization of samples 
for spectroscopic analysis, and in particular for 
atomic absorption spectrophotometry. 

Background Art 

Atomic absorption spectrophotometry is a tech- 
nique for quantitatively measuring the concentration 
of an investigated element in a sample. To this 
end, the sample is atomized to provide an atomic 
vapor, i.e. a vapor in which the elements of the 
sample are in their atomic states. A measuring 
beam emerges from a light source which contains 
a particular investigated element and, therefore, 
emits a line spectrum characteristic of this element. 
This measuring light beam is passed through the 
atomic vapor or "cloud of atoms". The atoms of 
the investigated element absorb light of the mea- 
suring light beam, whereas ideally the remaining 
atoms of the sample, of which the absorption lines 
do not coincide with the emission lines of the light 
source, do not affect the measuring light beam. 
Atomic absorption spectroscopy makes use of the 
fact, that atoms absorb the same spectral lines 
which they emit in a light source, A measure of the 
concentration of the investigated element in the 
sample can be derived from the absorption to 
which the measuring light beam is subjected. 

Electrothermal atomization is a method of 
atomizing a sample. The sample is introduced into 
a furnace. The furnace is heated to a high tempera- 
ture by passing current through it This results in 
the atomization of the sample and in the formation 
of a cloud of atoms inside the furnace. The furnace 
has aligned openings for the passage of the mea- 
suring light beam. In line with current practice, the 
furnace is a small graphite tube held between two 
annular contacts. The sample is introduced into this 
graphite tube through a lateral port. The current 
flows through the contacts and longitudinally 
through the furnace. The measuring light beam 
passes through the longitudinal bore of the graphite 
tube. 

In line with current practice a drop of sample 
liquid is pipetted through the lateral port into the 
graphite tube. The sample is then dried at a rela- 
tively low drying temperature, i.e. the solvent in 
which the substances of the sample are resolved is 
vaporized and is removed by an inert gas flow, 
which flows through the graphite tube. Then the 
sample is ashed, i.e. chemically decomposed, at a 


higher temperature. Eventually the ashed sample is 
atomized at a high atomizing temperature. 

It is desirable to delay the atomization of the 
sample, until the entire inner wall of the graphite 

s tube has reached atomization temperature. There- 
fore, a small platform is placed in the furnace such 
that it is heated substantially in an indirect fashion 
only by radiation emitted by the walls of the fur- 
nace. The sample is placed on this platform. 

70 ("Spectrochimica Acta" Vol.33B, 1978 pp 153-159; 
DE-C2-29 24 123). This causes a time lag between 
the heating of the platform. Thereby the volatiliza- 
tion and atomization of the sample is delayed until 
the graphite tube furnace and the gasses in the 

rs vapor phase have reached temperature equilibrium. 
This stabilized temperature platform furnace pro- 
vides reduction of interferences. 

The quantities of sample liquid which can be 
placed on such a small platform are, however. 

20 limited. 

A method and an apparatus for atomizing a 
sample for atomic absorption spectroscopy has 
been disclosed wherein a "thermospray device" is 
used. A carrier liquid such as de-ionized water is 

25 pumped through a heated capillary tube made of 
fused silica. The capillary tube is arranged co- 
axially in a stainless steel tube and is axlafly mov- 
- able. This stainless steel tube is heated by passing 
a high electric current through it. Thereby, the 

30 stainless steel tube heats the capillary tube. The 
carrier liquid is at least partially vaporized and 
emerges as a vavor spray from the capillary tube 
at an outlet end. A liquid sample is introduced into 
a loop. A valve is arranged to optionally connect 

35 this loop into the flow path of the carrier liquid, 
whereby the sample is carried along by the carrier 
liquid and is passed through the capillary tube. The 
capillary tube is movable between a first, retracted 
position and a second, advanced position. In the 

40 advanced position of the capillary tube, the outlet 
end extends into a graphite tube furnace of the 
type described above through a lateral introduction 
port of this furnace. The jet emerging from the 
capillary tube is directed to the inner wall of the 

45 furnace. In the retracted position of the capillary 
tube, the outlet end is disposed within a vacuum 
exhaust chamber, from which the spray emerging 
from the capillary tube is exhausted. A timer syn- 
chronizes the connection of the loop into the carrier 

so liquid flow and the movement of the outlet end of 
the capillary tube into the furnace. Thus, at first, 
the capillary tube is in its first retracted position, 
and water spray, emerging from the outlet end of 
the heated capillary tube is exhausted from the 
vacuum exhaust chamber. Then the loop is con- 
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nected into the carrier liquid flow and the sample is 
entrained through the heated capillary tube and is 
vaporized. At the same time, the outlet end has 
been moved into the furnace, which is still at a 
relatively low drying temperature. The sample com- 
ponents of interest are deposited on the inner wall 
of the furnace, while the solvent vapor is removed 
from the furnace by the inert gas flow passing 
through the bore of the furnace. Then the furnace 
is heated to atomizing temperature and the atomic 
absorption is measured. As there is no need to also 
accommodate all the solvent within the furnace, 
much larger sample quantities can be used so that 
the sensitivity of the measurement is increased. As 
the furnace, after each analysis, need not be cool- 
ed down to ambient temperature but remains on 
the elevated level of the drying temperature, the 
cycle time can be reduced considerably. Ouring 
the heating of the furnace to atomizing tempera- 
ture, a shield is inserted between the vacuum ex- 
haust chamber and the furnace in order to protect 
the hot furnace from the spray emerging from the 
capillary tube. 

Disclosure of the Invention 

It is an object of the invention to provide a 
method and an apparatus for the electrothermal 
atomization of a sample which permits atomization 
of rather large quantities of sample within a short 
time interval, in order to achieve high sensitivity of 
spectroscopical measurement. 

According to the invention this object is 
achieved by the method steps of: 

(a) providing a furnace defining a cavity 
therein, said cavity having an inner wall, and a 
platform in said cavity arranged to be heated in- 
directly by radiation from said inner waii and hav- 
ing a surface shaped to receive a sample, 

(b) heating said furnace to a first above- 
ambient temperature, 

(c) heating a liquid sample in a capillary tube 
to cause at least a major portion thereof to vapor- 
ize. 

(d) intermittently inserting one end of the 
tube into said furnace and forming a jet of the 
vaporized sample injected into the furnace substan- 
tially normal to said platform surface so as to 
impinge on said platform surface, whereby part of 
said vaporized sample is deposited on said plat- 
form, 

(e) removing another part of said vaporized 
sample not deposited on said platform, 

(f) heating the furnace to a temperature high- 
er than said first temperature and sufficient to 
atomize said part of the sample deposited from 
said jet on said platform surface, 


(g) spectroscopically measuring said atom- 
ized sample, and 

(h) allowing the furnace to cool down to said 
first temperature. 

5 An apparatus for electrothermal atomization of 

samples for spectroscopic analysis, comprising 

(a) a furnace defining a cavity therein and a 
sample introduction port opening into said cavity, 
said cavity having an inner wall, 

10 (b) a platform in said cavity arranged to be 

heated indirectly by radiation from said inner wail 
and having a surface shaped to receive a sample, 

(c) means for passing, in a first operating 
state thereof, a first current through said furnace to 

75 heat said furnace to a first above-ambient tempera- 
ture, and for passing, in a second operating state, a 
second current through said furnace to heat said 
furnace to a second temperature higher than said 
first temperature and sufficient to atomize sample 

20 on said sample receiving surface of said platform, 
and 

(d) means for spectroscopically measuring 
said atomized sample, 

is characterized by 
25 <e) a heated capillary tube having an outlet 

end, 

(f) means for passing a tiquid sample 
through said heated capillary tube to vaporize in 
said heated capillary tube at least a major portion 

30 of said sample and to provide a jet of vaporized 
sample emerging from said outlet end, 

(g) means for intermittently inserting said 
outlet end of said capillary tube axially through said 
port into said cavity of said furnace, said port being 

as located opposite said sample receiving surface of 
said platform and said sample receiving surface 
being substantially normal to said capillary tube, 
whereby said jet impinges on said sample receiv- 
ing surface and part of said vaporized sample is 

40 deposited on said platform, 

(h) means for removing from said furnace, 
during said first operating state of said current 
passing means, part of said vaporized sample not 
deposited on said platform, and 

45 (i) timer means for controlling the passing of 

the sample liquid through said heated capillary 
tube, the inserting of said capillary tube into the 
cavity of the furnace, said removing means and 
said first and second operating states of said cur- 

so rent passing means to cause the sample to be 
passed through said capillary tube, the capillary 
tube to be inserted into the cavity of the furnace 
and the non-deposited part of the sample vapor to 
be removed, while said current passing means are 

55 in their first operating state, and to remove said 
capillary tube from said furnace, while said current 
passing means are in their second operation state. 
Thus the invention uses an indirectly heated 
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platform, thus ensuring that all of the sample is 
vaporized within a short time interval, when the 
furnace wall has already been heated to atomiza- 
tion temperature. By the use of the thermospray for 
depositing the sample on this platform, eliminating 
the solvent by vaporization, it becomes possible to 
use this platform with a rather large quantity of 
sample. 

Preferably, the step of removing said non-de- 
posited part of the sample comprises establishing 
communication between said furnace and a source 
of vacuum. 

Further modifications of the invention are sub- 
ject matter of claims 3 to 5 and 7 to 11. 

An embodiment of the invention will be de- 
scribed below with reference to the accompanying 
drawings: 

Brief Description of the Drawings 

Fig.1 is a schematic diagram of an apparatus 
for electrothermal atomization of samples for spec- 
troscopic purposes, 

Fig.2 is a perspective view of the ther- 
mospray unit in the apparatus of Fig. 1 

Fig.3 is an exploded - perspective view of 
the furnace, the contacts between which the fur- 
nace is held, and of inert gas and vacuum pas- 
sages. 

Fig.4 is a longitudinal sectional view of the 
thermospray unit. 

Fig.5 is a cross-sectional view of a graphite 
tube furnace with a platform on which sample is 
deposited by the thermospray unit. 

Ftg.6 is a diagram and shows the relative 
integrated absorbance as a function of the vapor- 
izer temperature for a number of elements. 

Fig.7 is a diagram and shows the deposition 
temperature, i.e. the temperature of the walls of the 
furnace, when the sample is deposited thereon by 
the thermospray vaporizer. 

Preferred Embodiment of the Invention 

Referring to Fig.1, numeral 10 designates a 
vessel containing de-ionized water. A high pressure 
pump 12 aspirates the de-ionized water through a 
filter 14. The high pressure pump is similar to the 
pumps used in HPLC. The pump 12 is, however, 
made entirely of plastics to ensure that no metal 
ions from pump components can get into the wa- 
ter. The water is pumped through conduit 16 and 
cation exchange column 18 to an injection valve 
20. This injection valve is of the type used in flow 
injection technique. In a first valve position, it con- 
nects the conduit 16 directly with a conduit 22 
leading to a thermospray vaporizer 24. In a second 


valve position, it connects conduit 16 with an inlet 
end of a sample loop 26, and connects an outlet 
end of this sample loop to conduit 22. Thus, in this 
second valve position, the water from pump 12 is 

s passed through the sample loop 26. A sample can 
be introduced into the sample loop 26 by means of 
a syringe 28. The valve 20 is actuated pneumati- 
cally through pneumatic valves 30 and 32. The 
pneumatic valves 30 and 32 are controlled by a 

w | timer 34, as will be described below. 

L The thermospray vaporizer 24 is illustrated in 
(greater detail in Fig .4. The thermospray vaporizer 
Jp4 comprises a capillary tube 36 of fused silica. 
/[The capillary tube 36 is connected to conduit 22. 

/s J bonduit 22 may actually be a section of the capil- 
J cry tube 36. The capillary tube 36 is held coaxially 
I in a stainless steel tube 38, Stainless steel tube 38 
j alosely surrounds the capillary tube 36. The left 
I end as viewed in Fig.4 of the stainless steel tube 

20 38 is held within a section of stainless steel tube 
40. The stainless steel tube 38 is insulated from 
stainless steel tube section 40 by a glass layer 42 
along most of its length but is conductively con- 
nected to stainless steel tube section 40 at its left 

25 end 44. In its central section, the stainless steel 
tube 38 is surrounded by an insulating glass tube 
46. Another insulating glass tube section 48 is 
provided on the right of glass tube 46 with a 
spacing 50 in between. There is also a spacing 52 

30 between the stainless steel tube section 40 and the 
left end of the glass tube 46. The ' stainless steel 
tube section 40 is held in an insulating plug 54. 
Plug 54, in turn, closes the left (forward) end of a 
stainless steel tube 56 of relatively large diameter. 

as At its right end, as viewed in Fig.4, the stain- 

less steel tube 56 has a longitudinal slot 58. A 
generally tubular support piece 60 is attached to 
the stainless steel tube 56 and secured by means 
of a screw 62. The support piece has a reduced 

40 diameter bore section 64 at its left end and a larger 
diameter bore section 66 at its right end t a shoul- 
der 68 being formed in between. A silicon rubber 
disc 70 is disposed in the larger diameter bore 
section 64 and engages shoulder 68. An inlet piece 

45 72 having a shaft 74 and a longitudinal bore is 
pushed into the bore section 64 and engages the 
silicon rubber disc 70. The stainless steel tube 38 
extends up to the silicon rubber disc 70. The fused 
silica capillary tube 36 extends through the silicon 

so rubber disc 70 and through the bore 76 of the inlet 
piece 72. In the bore 76, the capillary tube 36 is 
supported by a stainless steel tube section 78. 

A tip 80 of about 2 millimeters length of the 
fused silica capillary tube 36 projects from the 

55 forward, left end of the stainless steel tube 38. 

A conductor 82 extends into the stainless steel 
tube 56 through the slot 58 and through this tube 
56 along glass tube 46 to the stainless steel tube 
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section 40 and is connected thereto at 84. Conduc- 
tor 82 is of copper up to junction 86. whereas left 
end consists of stainless steel. Another conductor 
88 is connected to the stainless steel tube 38 at 
90. 

A first thermocouple 92 extends through the 
spacing 50 and contacts the stainless steel tube 
38. A second thermocouple 52 extends through the 
spacing 52 and also contacts the stainless steel 
tube 38. Thus, the temperature of the stainless 
steel tube is measured continuously at points near 
the inlet and near the outlet of the thermospray 
vaporizer 24. 

As can be seen from Fig.2, the outer stainless 
steel tube 56 is axially movabiy guided in a vapor- 
izer base structure 96, A carriage 98 is attached to 
tube 56 and is guided in a slot 100 of the base 
structure 96. The carriage 98 is connected to a 
pneumatic actuator 102. The actuator 102 com- 
prises a cylinder with a double acting piston guided 
therein. The cylinder chambers defined in the ac- 
tuator 102 are connected to conduits 104 and 106, 
respectively, to which pressurized air can be sup- 
plied. The actuator 102 is arranged to move the 
tube 56 and thus the capillary tube 36 between a 
first, retracted position illustrated in Fig. 1 and a 
second, forward position. The movement from the 
retracted position to the forward position is from 
the right to the left in Fig.4. The actuator 102 is 
controlled by timer 34, as indicated by line 108. 

Referring again to Fig.1 the two conductors 82 
and 88 are connected to a transformer 110, where- 
by a high current of about 20 amperes is passed 
through the stainless steel tube 38. Thereby the 
stainless steel tube is heated and, in turn, heats the 
_ fused silica capillary tube 36. The electric current 
flows through "conductor flS^stainless steel tube 
section 40 (Fig.4) and from the end 44 of this tube 
section 40 and virtually from the end of the stain- 
less steel tube 38 through the stainless steel tube 
38 to the conductor 88. Thereby the stainless steel 
tube 88 is heated by Joule's heat nearly up to its 
forward end. Thus, there is no condensation and 
heat dissipation from the sample vapor emerging, 
in operation, from the forward end of the capillary 
tube 36. The temperature signal from the ther- 
mocouple 92 is applied to a temperature controller 
112. Temperature controller 112 controls the cur- 
rent through the transformer 110 to maintain a 
desired temperature of, for example, 300 degrees 
centigrade, of the stainless steel tube 38. The 
temperature signal from thermocouple 94, which 
represents the temperature of the stainless steel 
tube 38 and the capillary tube 36 near the tip 80, is 
applied to a temperature display device 114, from 
which the actual temperature can be read. 

In its retracted positition, the end of the capil- 
lary tube 36 is disposed within a vacuum exhaust 


chamber 116 which is connected to a vacuum. In 
its forward position, the tip 80 of the capillary tube 
extends through an introduction port 118 into a 
graphite tube furnace 120. The graphite tube fur- 

s nace 120 is connected to a furnace vacuum sys- 
tem 122 through conduits 124 and 126. The fur- 
nace vacuum system is also controlled by the 
timer 34, as indicated by line 128. 

Referring again to Fig.2, a shield is provided 

io between the furnace and the vacuum exhaust 
chamber 116. This shield is not shown in Fig.1 in 
order to simplify the illustration. This shield com- 
prises two vertical side plates 130 and 132 pro- 
vided on the base structure 96 on opposite sides of 

75 the tube 56. A front plate 134 extends between the 
side plates 130 and 132. This front plate has a hole 
136 aligned with the capillary tube 36. A pneumatic 
actuator 138 is attached to the side plate 130 and 
has a piston rod 140. A pneumatic actuator 142 is 

20 attached to the side plate 132 in alignment with 
actuator 138. Actuator 142 has a piston rod (not 
visible in Fig.2) aligned with piston rod 140. A 
shield body 144 having a hole 146 through it is 
mounted between the two piston rods. When ac- 

25 tuator 138 Is energized by supplying pressurized 
air, the shield body 144 will be pulled to the left in 
Fig.2, and the hole 146 of the shields body 144 is 
moved out of alignment with the hole 136 of the 
front plate 134. Thus, the hole 136 is closed by the 

30 shield body 144. and the furnace is shielded 
against vapor emerging from the end of the capil- 
lary tube. When the actuator 142 is energized, the 
shield body is pulled to the right in Rg.2 as illus- 
trated. In this case, the hole 146 of the shieid body 

35 144 is in alignment with the hole 136 in the front 
plate. The tip 80 of the capillary tube 36 is free to 
move forwards into the graphite tube furnace 120. 
At the top, the two side plates are interconnected 
by a cover plate 1 48. 

4o The graphite tube furnace 120 is held between 

two contacts 150 and 152. The contacts 150 and 
152 have longitudinal passages 154 and 156, re- 
spectively. The contacts 150 and 152 form annular 
contact surfaces 158 and 160. respectively, which 

45 engage the end faces of the graphite tube furnace 
120. Current is supplied in a conventional manner 
to the contacts and flows longitudinally through the 
graphite tube furnace 120 to heat the furnace. Each 
of the two contacts has a head 162 or 164, respec- 

50 tively, and a shaft 166 or 168, respectively. The 
head 162 of contact 150 defines a cavity 170 and 
substantially accommodates the graphite tube fur- 
nace 120 within this cavity 170, The head 164 of 
contact 152 is disc-like and closes the cavity 170 

55 except for a small gap between the contacts 150 
and 152. The head 162 of the contact 150 has a 
lateral bore 172. In operation, the lateral bore 172 
of the contact 150 is aligned with the introduction 
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port 118 of the graphite tube furnace 120. The axes 
of the lateral bore 172 and of the intrduction port 
118- are aligned with the axis of the capillary tube 
36. i.e. are horizontal. The graphite tube furnace 
contains a platform 174. This platform is a small, 
substantially flat piece of graphite placed into the 
furnace so as to reduce direct heating of the plat- 
form by Joule's heat and conduction and to delay 
atomization of the sample relative to the walls of 
the furnace reaching atomization temperature. The 
platform 174 has a sample receiving surface. This 
sample receiving surface is vertical and directly 
opposite the introduction port 118. 

The contact contains a vacuum passage 176, 
through which the longitudinal passage 154 can be 
connected to the vacuum system 122 through pas- 
sage 126 (Fig. 1).. Furthermore the shaft 166 of 
contact 150 has an annular groove 178 in its pe- 
ripheral surface. The contact 150 contains inert gas 
passages which connect this annular groove 178 
with the longitudinal passage 154. This annular 
groove 178 is arranged to be connected to a 
source if inert gas. 

Similarly, contact 152 contains a vacuum pas- 
sage 182. through which the longitudinal passage 
t54 can be connected to the vacuum system 122 
through passage 126. The shaft 168 of contact 152 
has an annular groove 184 in its peripheral surface. 
The contact 152 contains inert gas passages 186, 
which connect the annular groove 184 with the 
longitudinal passage 156. The groove is arranged 
to be connected to a source of inert gas. 

The apparatus described operates as follows: 
At first, the valve 20 is placed in a valve position, in 
which the flow of water from the pump 12 is fed 
directly into conduit 22 and capillary tube 36, and 
the loop 26 is bypassed. The stainless steel tube 
38 is heated by the current from the transformer 1 
10. The actuator 102 moves the tube 56 with the 
stainless steel tube 38 and the fused silica capillary 
tube 36 together into their retracted position. Thus, 
the tip 80 of the capillary tube 36 is disposed in the 
vacuum exhaust chamber 116. Thus, the de-ion- 
ized water is vaporized in the capillary tube 36 and 
emerges as water vapor or sprayat the forward end 
of the capillary tube. This water spray is exhausted 
from the vacuum exhaust chamber. 

Actuator 138 may be energized to move the 
shield body in front of hole 136, whereby the 
furnace 120 is shielded against any water vapor 
which might emerge from the vacuum exhaust 
chamber. 

The furnace 120 is at a relatively low 
"deposition temperature". 

Liquid sample containing sample elements in a 
solution with a solvent liquid is introduced into the 
sample loop 26 by means of syringe 28. 

Next, the timer 34 actuates the valve to move 


into its second valve position in which the sample 
loop 26 is connected into the flow path of the water 
from. the pump 12 to the vaporizer 24. Thereby, the 
introduced sample will be flushed out of the sam- 

s pie loop 26 and will be transported into the vapor- 
izer. The timer also actuates the pneumatic ac- 
tuator 142 to move the shield body 144 and to 
bring hole 146 into alignment with hole 136. Subse- 
quently, timer 34 actuates the pneumatic actuator 

70 102 to move the tube 56 wit stainless steel tube 38 
and capillary tube 36 forward into the second, 
forward position. In this second position, the for- 
ward ends of the stainless steel tube section 40, 
the stainless steel tube 38 and the capillary tube 

is 36 extend through the holes 146 and 136. The tip 
80 of the capillary tube 36 extends through the 
introduction port 118 into the furnace 120. This is 
illustrated in Fig, 5. At the same time, timer 34 
brings the vaccum system 122 into operation. 

20 The sample liquid is vaporized in the vaporizer 

24 and emerges from there as a jet of vapor. This 
jet is directed against the platform 174. The plat- 
form, like the remaining furnace 120, is at the 
relatively low but above-ambient deposition tem- 

25 perature. The solvent vapor will, therefore, not con- 
dense on the platform 174 or within the furnace 
120. This solvent vapor is exhausted by the vacu- 
um through the vacuum passages 180 and 186. 
The vacuum takes care of the problem of removing 

30 the vaporized solvent. Thus rather large samples 
can be used and can be vaporized quickly. The 
elements of the sample proper are deposited on 
the platform. Since only these elements without the 
solvent are deposited on the platform, the small 

as platform also accommodates sample elements of a 
large sample of, for example, 20 to 80 ul. 

After sample deposition on the platform, the 
actuator 102 is controlled by the timer 34 to with- 
draw the vaporizer into its retracted position. The 

40 actuator 138 is energized to move the shield body 
back in front of hole 136 and to shield the furnace 
120. Now the furnace 120 is heated to atomization 
temperature. When the inner walls of the furnace 
120 have reached atomization temperature, the 

45 platform and the sample deposited thereon will be 
heated to this temperature mainly by radiation and 
will be atomized. 

After the spectroscopic measurement, the cur- 
rent through the furnace 120 is switched off to cool 

so the furnace down to the above-ambient deposition 
temperature. When this deposition temperature has 
been reached, a lower current is used to keep the 
furnace on the deposition temperature. 

Fig.6 shows the relative integrated absorbance 

55 obtained for different elements with different vapor- 
izer temperatures (measured by thermocouple 94). 
The absorbance remains substantially constant up 
to a vaporizer temperature of 300 degrees centi- 
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grade and then starts to drop. Thus a temperature 
of about 300 degrees centigrade appears to be 
optimum. It provides a dry spray at the outlet of the 
capillary tube 36 and still maintains high efficiency. 
Fig.6 shows that the relative integrated absorbance 
drops sharply at deposition temperatures above 
approximately 170 degrees centigrade. Such a 
temperature appears to be an optimum, because it 
safely prevents condensation of the solvent and 
reduces the time required for the cooling down of 
the furnace, without loss of efficiency. 

The apparatus and method described offers a 
number of advantages. 

The high efficiency of the platform technique, 
substantially due to the fact that the sample is 
vaporized with delay but substantially instanta- 
neously, can be utilized without the limitations rela- 
tive to the quantity of sample to be deposited, 
which are normally inherent in the platform tech- 
nique. As the whole thermospray vaporizer is 
moved, the fine capillary tube can be supported 
nearly up to the tip. Thus the position of the tip 80 
is well-defined. This permits reduction of the diam- 
eter of the introduction port of the furnace, particu- 
larly when compared to the conventional pipetting 
technique. The reduced diameter of the introduc- 
tion port reduces the speed at which the atomic 
vapor formed within the furnace is flushed from the 
furnace through the introduction port by the inert 
gas flow inwards from the ends of the furnace. The 
selection of the temperatures reduces the propor- 
tion of liquid solvent in the emerging vapor and 
thus the quantity of such liquid solvent which might 
be deposited on the platform. 

Claims 

1. A method for electrothermal atomization of 
samples for spectroscopic analysis comprising the 
steps of: 

(a) providing a furnace (120) defining a cav- 
ity therein, said cavity having an inner wail, and a 
platform (174) in said cavity arranged to be heated 
indirectly by radiation from said inner wall and 
having a surface shaped to receive a sample, 

(b) heating said furnace (120) to a first 
above-ambient temperature, 

(c) heating a liquid sample in a capillary tube 
(36) to cause at least a major portion thereof to 
vaporize, 

(d) intermittently inserting one end (80) of 
the tube (36) into said furnace (120) and forming a 
jet of the vaporized sample injected into the fur- 
nace (120) substantially normal to said platform 
surface so as to impinge on said platform surface, 
whereby part of said vaporized sample is deposited 
on said platform (174), 


(e) removing another part of said vaporized 
sample not deposited on said platform (1 74), 

(f) heating the furnace (120) to a temperature 
higher than said first temperature and sufficient to 

s atomize said part of the sample deposited from 
said jet on said platform surface, 

(g) spectroscopically measuring said atom- 
ized sample, and 

(h) allowing the furnace (120) to cool down 
jo to said first temperature. 

2. A method as claimed in claim 1 , character- 
ized in that the step of removing said non-depos- 
ited part of the sample comprises establishing 
communication between said furnace (120) and a 

/5 source of vacuum. 

3. A method as claimed in claim 1 , character- 
ized in that said platform (174) is arranged with 
said sample receiving surface substantially vertical 
and said tube (36) is arranged substantially hori- 

20 zontally and is moved axiaily. 

4. A method as claimed in claim 1 , character- 
ized in that said tube (36) is heated to a tempera- 
ture of more than 250 degrees centigrade. 

5. A method as claimed in claim 4, character- 
25 ized in that said tube (36) is heated to a tempera- 
ture of about 300 degrees centigrade. 

6. An apparatus for electrothermal atomization 
of samples for spectroscopic analysis, comprising 

(a) a furnace (120) defining a cavity therein 
30 and a sample introduction port (118) opening into 

said cavity, said cavity having an inner wall, 

(b) a platform (174) in said cavity arranged 
to be heated indirectly by radiation from said inner 
wall and having a surface shaped to receive a 

35 sample, 

(c) means for passing, in a first operating 
state thereof, a first current through said furnace to 
heat said furnace to a first above-ambient tempera- 
ture, and for passing, in a second operating state, a 

40 second current through said furnace to heat said 
furnace to a second temperature higher than said 
first temperature and sufficient to atomize sample 
on said sample receiving surface of said platform 
(174), and 

45 (d) means for spectroscopically measuring 

said atomized sample, 
characterized by 

(e) a heated capillary tube (36) having an 
outlet end, 

so (f) means (12,20,26) for passing a liquid 

sample through said heated capillary tube (36) to 
vaporize in said heated capillary tube (36) at least 
a major portion of said sample and to provide a jet 
of vaporized sample emerging from said outlet end, 

55 (g) means (102) for intermittently inserting 

said outlet end of said capillary tube (36) axiaily 
through said port (118) into said cavity of said 
furnace (120), said port (118) being located op- 
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posite said sample receiving surface of said plat- 
form (1-74) and said sample receiving surface being 
substantially normal to said capillary tube (36) 
whereby said jet impinges on said sample receiv- 
ing surface and part of said vaporized sample is 
deposited on said platform (174), 

(h) means (122) for removing from said fur- 
nace (120), during said first operating state of said 
current passing means, part of said vaporized sam- 
ple not deposited on said platform (174), and 

(i) timer means (34) for controlling the pass- 
ing of the sample liquid through said heated capil- 
lary tube (36), the inserting of said capillary tube 
(36) into the cavity of the furnace (120), said re- 
moving means (122) and said first and second 
operating states of said current passing means to 
cause the sample to be passed through said capil- 
lary tube (36), the capillary tube (36) to be inserted 
into the cavity of the furnace (120) and the non- 
deposited part of the sample vapor to be removed, 
while said current passing means are in their first 
operating state, and to remove said capillary tube 
(36) from said furnace (120), while said current 
passing means are in their second operation state. 

7. An apparatus as claimed in claim 6, char- 
acterized In that 

(a) said capillary tube (36) extends substan- 
tially horizontally and 

(b) said sample receiving surface is substan- 
tially vertical. 

8. An apparatus as claimed in claim 6, char- 
acterized in that said vapor removing means 
comprises means (124, 126) for establishing com- 
munication between said furnace (1 20) and a 
source of vacuum (1 22). 

9. An apparatus as claimed in claim 8, char- 
acterized in that 

(a) said current passing means comprise a 
pair of contact pieces (150,152), between which 
said furnace (120) is held, and through which said 
currents are supplied, • 

(b) said vapor removing means comprising 
passages (180, 186) in said contact pieces 
(t50,152) f each of said passages (180,186) com- 
municating at one end with the cavity defined by 
said furnace (120) and being arranged, at the other 
end, for connection to a source of vacuum (1 22). 

10. An apparatus as claimed in claim 9, char- 
acterized in that 

(a) said furnace (120) is tubular, said cavity 
being a longitudinal bore of said furnace, 

(b) said contacts (150, 152) engage the end 
faces of said furnace and extend around the fur- 
nace (120) except for a separating gap between the 
contacts (150. 152) to form a cavity (170) in which 
the furnace (120) is contained, and have axial 
bores (154, 156) in alignment with the bore of the 
furnace (120) to permit passage of a measuring 


beam of an atomic absorption spectrophotometer 
through the contacts and the cavity defined by the 
furnace, 

(c) said vapor removing passages (180, 186) 
s opening into said axial bores (154,156) of the con- 
tacts (150, 152). 

1 1 . An apparatus as claimed in claim 6, char- 
acterized by 

(a) an electrically conductive tube (38) co- 
zo axially surrounding said capillary tube (36). spaced 
points of said electrically conductive tube (38) be- 
ing connected to electric contacts for passing an 
electric current through for directly heating same, 
and 

is (b) means (56,54,74) for mounting said heat- 

ed capillary tube (36) and said electrically conduc- 
tive tube (38) for common axial displacement be- 
tween a first retracted position in which said outlet 
end is withdrawn from said sample introduction 

20 port (118) and a second position in which said 
outlet end extends through the sample introduction 
port (118) into the furnace (120), and 

(c) means (102) for moving said capillary 
tube (36) and said electrically conductive tube (38) 

25 together between said first and second positions. 

12. An apparatus as claimed in claim 11, char- 
acterized in that 

(a) said electrically conductive tube (38), 
near the outlet end of said capillary tube (36), is 

30 surrounded by an electrically conductive tube sec- 
tion of larger diameter, 

(b) an insulating layer (42) is interposed be- 
tween said electrically conductive tube (38) and 
said electrically conductive tube section (40), 

35 (c) said electrically conductive tube (38) and 

said electrically conductive tube section (40) are 
electrically conductively connected at the end (44) 
of said electrically conductive tube section (40) 
adjacent to said outlet end, and 

40 (d) said contact for passing current through 

said electrically conductive tube (38) is connected 
to said electrically conductive tube section (40) 
near the end thereof remote from said outlet end. 

45 
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